Results from the phase III trial CLEOPATRA in human epidermal growth factor receptor 2-positive first-line metastatic breast cancer demonstrated significant improvements in progression-free and overall survival with pertuzumab, trastuzumab, and docetaxel over placebo, trastuzumab, and docetaxel. We carried out exploratory analyses of the incidence and time to development of central nervous system (CNS) metastases in patients from CLEOPATRA.
introduction
Breast cancer is the second most common neoplasm metastasizing to the brain, second only to lung cancer [1, 2] , and the most common solid tumor associated with leptomeningeal carcinomatosis [3, 4] . Approximately 10%-16% of patients with metastatic breast cancer develop symptoms from brain metastases during the course of their disease [5] . However, autopsy studies have revealed that the true incidence of brain metastases from breast cancer is ∼30% [5] .
Overexpression of human epidermal growth factor receptor 2 (HER2), described in around 20% of patients with breast cancer [6] , is among the risk factors for developing central nervous system (CNS) metastases [5, 7] . Between 25% and 48% of patients with HER2-positive metastatic breast cancer develop CNS metastases [8] [9] [10] [11] [12] [13] [14] , an incidence that is considerably higher than that reported for breast cancer overall. In a systematic review of trastuzumab in early breast cancer, which analyzed data from five randomized trials (HERA/BIG 1-01, NSABP B-31, NCCTG N9831, FinHer, PACS-04), an increased risk of brain metastases as first site of relapse was reported for patients who had received trastuzumab compared with those who had not [risk ratio 1.75, 90% confidence interval (CI) 1.29-2.38; P = 0.002] [15] . It is thought that this observation is due to limited penetration of trastuzumab through the blood-brain barrier combined with better control of extracranial disease. Disease-free and overall survival were significantly prolonged with trastuzumab-based treatment compared with chemotherapy alone [15] . In addition, in a prospective, observational study continuation of trastuzumab after diagnosis of CNS metastases has been associated with improved survival outcomes [9] . After a longer follow-up, data from the HERA/BIG 1-01 trial showed a similar incidence of CNS relapse as first disease-free survival event with and without trastuzumab treatment and did not confirm an increased risk of CNS relapse with adjuvant trastuzumab [16] . Median overall survival from time of diagnosis of CNS disease to death ranged from 17.1 to 23.5 months in patients with HER2-positive breast cancer [17] [18] [19] . In comparison, median overall survival was shorter in patients with brain metastases from HER2-negative breast cancer (5.2 [17] and 9.4 months [18] , respectively).
Results from CLEOPATRA, a phase III trial in first-line HER2-positive metastatic breast cancer, have demonstrated significant and clinically meaningful improvements in progression-free [20] and overall survival [21] with the combination of pertuzumab, trastuzumab, and docetaxel compared with placebo, trastuzumab, and docetaxel. In this article, we report exploratory analyses of the development of CNS metastases in CLEOPATRA.
patients and methods study design and treatment CLEOPATRA was a randomized, double-blind, placebo-controlled phase III trial designed to compare efficacy and safety of placebo, trastuzumab, and docetaxel ( placebo arm) with pertuzumab, trastuzumab, and docetaxel ( pertuzumab arm) in patients with HER2-positive metastatic breast cancer. Primary end point was independently assessed progression-free survival. Secondary end points included overall survival, defined as the time from randomization to death from any cause, investigator-assessed progression-free survival, objective response rate, and safety. Pertuzumab/placebo was given at 840 mg in cycle 1, followed by 420 mg in subsequent cycles. Trastuzumab was administered at 8 mg/kg in cycle 1 and 6 mg/kg in subsequent cycles. Docetaxel was initiated at 75 mg/m 2 . All study drugs were administered intravenously on a 3-weekly schedule. Pertuzumab/placebo and trastuzumab were given until investigator-assessed disease progression or unmanageable toxicity. At least six cycles of docetaxel were recommended; before cycle 6 docetaxel was discontinued for disease progression or unmanageable toxicity, while more cycles could be given at the discretion of the investigator. The study was conducted according to Good Clinical Practice and the Declaration of Helsinki. Protocol approval was obtained from independent ethics committees at each site. Participants provided written informed consent. Tumor assessments were based on RECIST and carried out every 9 weeks. Adverse events were monitored continuously and graded according to NCI-CTCAE v3.0. CT or MRI scans of the brain and/or spine were carried out when CNS metastases were clinically suspected only.
statistics
In patients who developed CNS metastases as first site of disease progression the Kaplan-Meier approach was used to estimate median time to CNS metastases and median overall survival. The log-rank test was used to compare time to CNS metastases as first site of disease progression and overall survival between arms. Overall survival was also compared between arms using the Wilcoxon test to assess the sensitivity of the log-rank test results. The Wilcoxon test places more weight on early events. A Cox proportional hazards model was utilized to estimate hazard ratios (HRs) and 95% CI. Univariate and multivariate Cox regression analyses of time to CNS metastases as first site of disease progression were carried out to test the treatment effect adjusted for selected covariates and to investigate the association of selected baseline characteristics, irrespective of study treatment, with the development of CNS metastases as first site of disease progression. SAS version 9.2 was used for statistical analyses. All analyses were exploratory only. The trial is registered with ClinicalTrials.gov, NCT00567190.
results

study population
Between February 2008 and July 2010, 808 patients were enrolled and randomized to treatment with placebo, trastuzumab, and docetaxel or with pertuzumab, trastuzumab, and docetaxel. The median follow-up was 30 months. Baseline characteristics of patients who experienced first disease progression either in the CNS or other sites are presented in Table 1 and were generally balanced between subgroups. However, a higher proportion of patients with disease progression outside the CNS carried mutant phosphatidylinositol-3-kinase (PI3K) compared with patients who developed CNS metastases as first site of disease progression. A protocol violation occurred with the enrollment of one patient with brain lesions at baseline. The patient received one cycle of study treatment in the pertuzumab arm and was withdrawn to receive radiotherapy to the brain. This patient was not included in our analyses.
incidence and time to development of CNS metastases
Evaluation of tumor response by an independent review facility stopped after the target of 381 progression-free survival events had been reached for the primary analysis (data cutoff in May 2011) [20] . Investigators continued to evaluate tumor response, and data presented here are based on investigator-assessed disease progression with a cutoff date in May 2012. Based on the whole intention-to-treat (ITT) population, a similar proportion of patients in the placebo (51 of 406; 12.6%) and pertuzumab (55 of 402; 13.7%) arms developed CNS metastases as first site of disease progression. In an additional 11 patients in the placebo arm and 8 patients in the pertuzumab arm, disease progression was detected in the CNS and other sites at the same visit. Overall, 15.3% (62 of 406) of patients in the placebo arm Figure 1A . The median time to progression in the CNS was 11.9 months in the placebo arm and 15.0 months in the pertuzumab arm; HR= 0.58, 95% CI 0.39-0.85, P = 0.0049. Only patients with CNS metastases as first and only site of disease progression were included in time-to-event analyses to investigate the impact of pertuzumab-based treatment on the development of CNS metastases in patients with controlled systemic, extracranial disease.
overall survival
Overall survival, defined as time from randomization to death from any cause, was analyzed in patients with CNS metastases as first site of disease progression. Overall survival showed a trend in favor of pertuzumab, trastuzumab, and docetaxel ( Figure 1B ). Median overall survival was 26.3 months in the placebo arm and 34.4 months in the pertuzumab arm; HR = 0.66, 95% CI 0.39-1.11. The differences observed were not statistically significant for the log-rank test (P = 0.1139) but were significant for the Wilcoxon test (P = 0.0449).
Following disease progression, patients were taken off study treatment. Breast cancer treatments received by patients with CNS metastases as first site of disease progression are presented in supplementary Table S2 , available at Annals of Oncology online. Treatments were generally balanced between arms, although it should be noted that the sample size is low, which limits the interpretation of results.
treatment effect and association of baseline characteristics with the development of CNS metastases
We analyzed the treatment effect of pertuzumab, trastuzumab, and docetaxel versus placebo, trastuzumab, and docetaxel on time to development of CNS metastases as first site of disease progression adjusted for selected baseline characteristics (supplementary Figure S1 , available at Annals of Oncology online). The treatment effect (HR = 0.57) was not influenced by the addition of any of the covariates, with HRs ranging from 0.56 to 0.59 when each individual covariate was added to the model. A univariate Cox regression analysis was carried out to assess the association of selected baseline characteristics [age (≥50 versus <50 years), hormone receptor status, tumor grade, measurable tumor burden, number of metastatic sites (≤3 versus >3), disease type (visceral versus nonvisceral), PI3K status (mutant versus wildtype), and disease-free interval] with development of CNS metastases as first site of disease progression irrespective of study treatment (supplementary Table S3 , available at Annals of Oncology online). The hazard of developing CNS metastases was significantly reduced in patients with ≤3 metastatic sites compared with patients with >3 metastatic sites (HR = 0.42; 95% CI 0.28-0.63; P < 0.0001). The risk of developing CNS metastases increased by 4% per cm increase in the total sum of the longest diameters of target lesions (HR = 1.004; 95% CI 1.001-1.006; P = 0.0066). There was a trend for an increased risk of development of CNS metastases in patients with visceral disease at baseline (HR = 1.55; 95% CI 0.94-2.55; P = 0.0858). In a multivariate Cox regression analysis, the number of metastatic sites (≤3 versus >3) remained significantly associated with the development of CNS metastases; however, measurable tumor burden was no longer statistically significant. We analyzed the incidence and time to development of CNS metastases as first site of disease progression in patients with first-line HER2-positive metastatic breast cancer who received placebo, trastuzumab, and docetaxel or pertuzumab, trastuzumab, and docetaxel in the CLEOPATRA study. The incidence of CNS metastases was similar between arms. However, median time to development of CNS metastases as first site of disease progression was prolonged in the pertuzumab arm compared with the placebo arm. The analysis of overall survival in patients who developed CNS metastases as first site of disease progression showed a trend in favor of pertuzumab, trastuzumab, and docetaxel. HER2 positivity [5, 7, 22] , hormone receptor negativity [23, 24] , higher tumor grade [25] , and younger age [3, 23] have been identified as risk factors for development of CNS metastases from breast cancer. In CLEOPATRA, a higher number of metastatic sites at baseline (>3 versus ≤3) was significantly associated with development of CNS metastases; patients with visceral disease showed a trend for an increased risk of development of CNS metastases. It should be noted that the relatively small number of CNS events as first site of disease progression (n = 106) limits the sensitivity of the analysis to detect differences in time to event by subgroups. The interpretation of our results is limited as analyses were carried out post hoc and are therefore hypothesis-generating only. In addition, there was no screening for asymptomatic CNS metastases, which may result in an underestimation of the true incidence of CNS metastases in CLEOPATRA.
There is some evidence from registry data and from a systematic review of adjuvant trastuzumab trials that the incidence of CNS metastases as first site of disease progression is increased in patients with HER2-positive breast cancer who received trastuzumab-based treatment compared with nontrastuzumab-based therapies [15, 26] . However, the systematic review does also note that when the analysis was stratified by type of trastuzumab administration (sequential or concurrent), the higher risk of brain metastases in patients receiving trastuzumab was only observed where trastuzumab therapy was sequential to chemotherapy [15] . Furthermore, improvements in systemic, extracranial disease control and overall survival associated with trastuzumabbased therapy are likely to result in an unmasking of the CNS as sanctuary for late disease recurrence that would otherwise remain clinically silent before a patient's death.
Treatment with trastuzumab delays the occurrence of CNS disease [27] and continued trastuzumab therapy following the development of CNS metastases has been associated with improved survival outcomes compared with those seen in patients who do not receive trastuzumab-based treatment [9] . Lapatinib, a small molecule dual inhibitor of HER2 and epidermal growth factor receptor (EGFR), has shown moderate antitumor activity in the CNS in patients with HER2-positive metastatic breast cancer, especially in combination with capecitabine [28, 29] . In a direct comparison with trastuzumab plus capecitabine in patients with HER2-positive metastatic breast cancer, a similar proportion of patients in both arms experienced CNS metastases as first site of disease progression [30] . However, progression-free and overall survival were longer in patients who received trastuzumab plus capecitabine compared with lapatinib plus capecitabine [30] . Recent exploratory results from TH3RESA, a phase III study comparing trastuzumab emtansine (T-DM1) with treatment of physician's choice in patients with HER2-positive metastatic breast cancer, showed that, in patients with brain metastases at baseline, the risk of disease progression or death was reduced with T-DM1 compared with treatment according to physician's choice [31] .
Results from CLEOPATRA have demonstrated that the combination of pertuzumab with trastuzumab and docetaxel further improves systemic disease control by trastuzumab plus docetaxel, resulting in a significant and clinically meaningful prolongation of median progression-free [20] and overall survival [21] . Our results presented here suggest that this improvement in systemic disease control with pertuzumab-based treatment delays the onset of CNS disease. Advances in systemic disease control and overall survival may result in an increase in the number of patients who will eventually develop CNS metastases; therefore, better treatment options for CNS disease are needed to increase quality of life and prolong survival of these patients. Based on results from CLEOPATRA, further investigation into the activity of HER2-targeted antibodies in patients with CNS disease from HER2-positive breast cancer is warranted.
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